BACKGROUND: Among singleton pregnancies, gestational diabetes mellitus is associated with adverse outcomes. In twin pregnancies, this association may be attenuated, given the higher rate of prematurity and the a priori increased risk of some of these complications. OBJECTIVE: Our aim was to test the hypothesis that gestational diabetes mellitus is less likely to be associated with adverse pregnancy outcomes in twin compared with singleton gestations. METHODS: This retrospective cohort study comprised all twin and singleton live births in Ontario, Canada, 2012e2016. Pregnancy outcomes were compared between women with vs without gestational diabetes mellitus, analyzed separately for twin and singleton births. Adjusted risk ratios and 95% confidence intervals were generated using modified Poisson regression, adjusting for maternal age, nulliparity, smoking, race, body mass index, preexisting hypertension, and assisted reproductive technology. RESULTS: A total of 270,843 women with singleton (n ¼ 266,942) and twin (n ¼ 3901) pregnancies met the inclusion criteria. In both the twin and singleton groups, gestational diabetes mellitus was associated with (adjusted risk ratio, [95% confidence interval]) cesarean delivery (1.11 [1.02e1.21] and 1.20 [1.17e1.23], respectively) and preterm birth at <37 0/7 weeks
In contrast to singleton pregnancies, gestational diabetes mellitus in twins was not associated with hypertensive complications and certain neonatal morbidities. Still, the current study highlights that gestational diabetes mellitus is associated with some adverse pregnancy outcomes including accelerated fetal growth also in twin pregnancies.
Key words: gestational diabetes, pregnancy outcome, singleton, twins T he incidence of gestational diabetes mellitus (GDM) is increasing worldwide because of the increasing prevalence of obesity in women of reproductive age and advanced maternal age. 1 The incidence of GDM may be even greater in twin gestations, a known independent risk factor for GDM. 2, 3 GDM is associated with maternal and neonatal complications in singleton pregnancies. 4e6 However, in twin pregnancies, some of these complications may be either less clinically relevant (eg, macrosomia, shoulder dystocia) or may be common regardless of GDM (eg, preeclampsia, cesarean delivery, hypoglycemia) because of the higher baseline risk of prematurity and hypertensive complications. 7, 8 Data regarding the association of GDM with pregnancy complications in twin pregnancies are conflicting. While some have reported that GDM does not increase the risk for adverse pregnancy outcomes in women with twins, 9 others have found GDM to be associated with an increased risk of hypertensive disorders of pregnancy, 10e12 accelerated fetal growth, 10,12e14 neonatal respiratory complications, 15, 16 and admission to the neonatal intensive care unit (NICU). 14, 17 However, these findings were inconsistent across studies, 1 many of which were limited by relatively small sample size 10,11,15e18 and by the lack of adjustment for important confounding variables such as maternal body mass index (BMI) 9,12e14 and race. 10, 11 Finally, only a limited number of studies used a control group of singleton pregnancies, which would make it possible to assess the effect of plurality on the clinical consequences of GDM. 12, 13, 15, 17 Thus, the aim of the current study was to test the hypothesis that GDM is less likely to be associated with adverse pregnancy outcomes in twin compared with singleton gestations using a large population-based cohort. Original Research ajog.org interview and then entered into the BORN Information System (either directly or by electronic upload from a hospital's electronic medical records system).
Materials and Methods

Study population
The BORN Information System contains maternal demographics, health behaviors, and reproductive history as well as clinical information related to pregnancy, labor, birth, and fetal and neonatal outcomes. An ongoing program of data verifications, quality checks, and formal training sessions for individuals collecting and entering data assures that a high level of data quality is maintained.
Pregnancy outcomes of women with GDM were compared with those of women without GDM in singletons and twins. Women with any of the following conditions were excluded from both groups: gestational age at birth <28 0/7 weeks (ie, prior to routine screening and testing for GDM) or >42 0/7 weeks; highorder multifetal gestations; maternal age <19 years; preexisting diabetes; pregnancies complicated by genetic or structural fetal anomalies; or pregnancies with missing race or prepregnancy BMI data. The study was approved by the Sunnybrook Health Sciences Centre Research Ethics Board. The presence of a single abnormal OGTT value was defined as impaired glucose tolerance (IGT). Women with IGT were not considered as GDM for the purpose of this study.
Diagnosis of GDM
In April 2013, new CDA criteria were published. 20 The new guidelines allowed 2 options for screening/testing for GDM. The preferred option was essentially identical to the CDA 2008 guidelines aside from increasing the diagnostic 50 g GCT value from 10.3 mmol (185 mg/dL) to !11.1 mmol (200 mg/dL), and the 2 hour, 75 g OGTT threshold from 8.9 mmol/L (160 mg/dL) to 9.0 mmol/L (162 mg/dL).
The distinction between IGT and GDM was eliminated in these new guidelines. Despite the change in diagnostic criteria, no change in management is anticipated to have occurred because women with both IGT and GDM were referred to specialty clinics for dietary modification and glycemic monitoring.
Definitions
Large for gestational age and small for gestational age were defined as neonatal birth weight >90th and <10th centiles for gestational age, respectively, according to Canadian sex-specific reference. 21 Composite respiratory morbidity was defined as any of the following events: need for respiratory support in the form of continuous positive airway pressure or mechanical ventilation, a diagnosis of transient tachypnea of the newborn infant, or respiratory distress syndrome.
The diagnosis of hypertensive disorders in pregnancy in Ontario is based on the guidelines published by the Canadian Hypertensive Disorders of Pregnancy Working Group. 22 Preexisting hypertension is defined as hypertension that develops either before pregnancy, at <20 þ0 weeks' gestation or that persists for >3 months after birth. Gestational hypertension is defined as hypertension that develops for the first time at !20 þ0 weeks' gestation, and preeclampsia is defined as gestational hypertension with new onset of proteinuria or the involvement of one of the following organ systems: the central nervous system or the cardiorespiratory, hematological, renal, hepatic, or fetoplacental system. 22 
Data analysis
Baseline characteristics and pregnancy outcomes were compared between women with and without GDM for singletons and twins separately. Standardized differences were used to compare mean and proportions, with an absolute value of !0.10 denoting an important difference. Standardized differences reflect the mean difference as a percentage of the standard deviation. The rationale for using standardized differences as opposed to P values is that the standardized differences are not as sensitive to sample size, and therefore, given the large cohort in the current study, the use of P values would not be informative.
In addition, in contrast to standardized differences, P values do not provide an indication of the relative magnitude AJOG at a Glance Why was this study conducted? To compare the association between gestational diabetes mellitus (GDM) and adverse pregnancy outcome in twin and singleton gestations.
Key findings
In both the twin and singleton groups, GDM was associated with an increased risk for cesarean delivery and preterm birth. In singletons, but not twins, GDM was associated with gestational hypertension and preeclampsia. GDM was associated with birthweight greater than the 90th percentile and neonatal jaundice in both twins and singletons but was associated with the following complications only in singletons: neonatal intensive care unit admission, respiratory morbidity, and neonatal hypoglycemia.
What does this add to what is known?
In contrast to singleton pregnancies, GDM in twins is not associated with hypertensive complications and certain neonatal morbidities. However, this study highlights that GDM is associated with some adverse pregnancy outcomes also in twin gestation.
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OBSTETRICS Original Research of the difference. Standardized differences of greater than 0.1 are typically believed to be meaningful. The threshold of 0.10 was chosen because it has been previously suggested to indicate a meaningful difference. 23, 24 Modified Poisson regression analysis with robust error variance was used to calculate the adjusted risk ratio (aRR) for each adverse pregnancy outcome in women with GDM (using women without GDM as reference) among twins and singletons while adjusting for confounders, identified a priori, which were informed by the literature and clinical expertise.
This analysis was performed separately for twins and singletons, and the associations of GDM with each of the outcomes (expressed as aRR) were compared between the singleton and twin groups as per the methodology described by Altman and Bland (2003) . 25 Models for twin neonates were generated using generalized estimating equations to account for the correlation within twin pairs.
Data were analyzed using the SAS statistical software, version 9.4 (SAS Institute, Cary, NC, USA).
Results
Characteristics of the study population
A total of 561,798 women gave birth in Ontario, Canada, during the study period. Of the 270,843 women who met inclusion criteria, 266,942 had a singleton pregnancy and 3901 (7748 neonates) had a twin pregnancy (Figure 1 ). The incidence of GDM in the twin and singleton groups was 8.3% and 6.3%, respectively.
The characteristics of women with and without GDM in the twin and singleton groups are presented in Table 1 . Compared with women without GDM, women with GDM were older, were less likely to be white and more likely to be of Asian race, and had a higher BMI in both the twin and singleton groups (Table 1 ). In the singleton group, women with GDM were more likely to have a history of preexisting hypertension and were less likely to be nulliparous compared with women without GDM (Table 1 ). In the twin group, women with GDM were more likely to conceive following in vitro fertilization treatments compared with women without GDM.
Association of GDM with maternal complications
The risk of maternal complications in women with and without GDM in the singleton and twin groups is presented in Table 2 . As in the singleton group, women carrying twins who had GDM had a higher risk of cesarean delivery and preterm birth at <37 0/7 and <34 0/7 weeks as compared with women without GDM ( Table 2) . In contrast to singleton gestations, women with twins who had GDM did not have a higher risk of gestational hypertension, preeclampsia, and induction of labor compared with women without GDM ( Table 2) . As expected, the absolute rates of hypertensive complications were higher in twins compared with singletons, irrespective of GDM.
Association of GDM with neonatal complications
As in singletons, birthweight in the twins group was higher in women with GDM compared with women without GDM when stratified by gestational age at birth (Figure 2) .
The risk of neonatal complications in women with and without GDM in the singleton and twin groups is presented in Table 3 . As in the singleton group, infants of women with twins and GDM were more likely to be large for gestational age, and the risk was about 2-fold higher in twins compared with singletons (aRR, 2.53 vs 1.18, respectively, P ¼ .004), although the absolute rates were considerably lower in twins compared with singletons (Table 3 ). In addition, as in singletons, infants of women with twins and GDM were more likely to have jaundice requiring phototherapy compared with infants of women without GDM (Table 3) .
In contrast to singleton gestations, twin infants of women with GDM were not at a higher risk of composite respiratory morbidity, admission to NICU, and hypoglycemia compared with infants of women without GDM (Table 3) . However, the absolute rates of these complications were higher in twins. For example, the rate of neonatal Original Research OBSTETRICS ajog.org hypoglycemia was higher among twins, regardless of GDM (10.5% and 9.2% for twins with and without GDM, respectively), compared with only 2.3% among singletons without GDM (Table 3) .
Comment
Principal findings of the study
In the current study, we aimed to test the hypothesis that the association of GDM with adverse pregnancy outcomes is less prominent in twin compared with singleton gestations. We found that GDM was associated with several adverse pregnancy outcomes in both twin and singleton gestations including preterm birth, cesarean delivery, accelerated fetal growth (in which the association was even greater in twins), and neonatal jaundice requiring phototherapy. However, in support of our hypothesis, we found that certain adverse outcomes were more common in twins, irrespective of GDM, and were associated with GDM only in singleton but not in twin gestations, including hypertensive complications, induction of labor, NICU admission, neonatal respiratory morbidity, and neonatal hypoglycemia.
Results of the study in the context of other observations
Several studies have explored the association between GDM and adverse outcome in twin gestations. 1,9-12,14e16 However, only a limited number of studies included a control group of singleton pregnancies that would allow direct comparison of the associations of GDM with adverse pregnancy outcomes between twins and singletons. 12, 13, 15, 17 Our finding, that GDM is associated with hypertensive complications in singleton but not in twin gestations, contrasts with several previous studies.
10e12 It should be noted that in these studies the results were not adjusted for maternal BMI 12 or race, 10, 11 both of which are significant risk factors for gestational hypertension and preeclampsia. One possible reason for the lack of such an association in twins may be the a priori increased risk for hypertensive disorders in twins 29 which may mask the potential small effect of GDM that was observed in singletons. In addition, it is possible that our study was underpowered to detect these associations. ajog.org
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We found that GDM is associated with accelerated fetal growth, one of the main consequences of GDM, 30, 31 in both twins and singletons and that the association was actually greater in twins. This is in agreement with our prior observation in twin pregnancies with GDM, 32 in which we found that not only the rate of large for gestational age but also the rate of asymmetric growth (as reflected by the abdominal circumference/head circumference ratio) is higher in twins with GDM and is related to the degree of glucose intolerance. 32 It may be argued that the GDMinduced accelerated fetal growth observed in twins should not be of concern because it is unlikely to result in neonatal complications such as shoulder dystocia and birth trauma and may actually have a beneficial or protective role, given the slower growth of twins during the third trimester, 33, 34 and the increased risk of fetal growth restriction in twins. 35, 36 Nonetheless, accelerated fetal growth may be associated with fetal programming and long-term metabolic complications similar to those reported among singletons including obesity, diabetes, and cardiovascular disease. Long-term follow-up studies in twin infants are needed to address this question.
We found that in both twins and singleton gestations, GDM was associated with jaundice requiring phototherapy. However, other outcomes such as NICU admission, neonatal respiratory morbidity, and neonatal hypoglycemia were associated with GDM only in singletons. The lack of association between GDM and these latter outcomes in twin gestations may once again be attributed to the a priori higher rate of these complications in twins, 12, 15, 42 which are likely driven by the higher rate of prematurity in twins compared with singletons. 43, 44 Indeed, we found that the rate of neonatal hypoglycemia in twins (either with or without GDM) was similar to that of singletons with GDM and considerably higher than that of singletons without GDM.
The reason for the association of GDM with cesarean delivery in twin pregnancies is unclear but may be attributed to the increased risk of prematurity in twins with vs without GDM. In addition, it is important to note that although the association between GDM and cesarean delivery was statistically significant, mainly because of the large sample size, the absolute value of the relative risk was small (1.20 for singletons and 1.11 for singletons), which questions the clinical significance of this association.
Strengths and limitations
The main strengths of our study are the population-based nature of the study and the large sample size. The inclusion of a comparison group of women with singleton pregnancy allowed us to directly compare the association of GDM and adverse pregnancy outcomes in twins with that observed in singletons. Finally, another important point is the availability of data on important confounding variables such as maternal BMI and race, which were not adjusted for in some of the previous studies on this topic.
10e12
Our study has several limitations. Because of its retrospective nature, information on several potentially confounding variables such as the degree of glycemic control, a history of GDM, a history of polycystic ovary syndrome, and gestational weight gain was not available. In addition, given that information on IGT is not available in the BORN database, women with IGT were considered as controls despite the fact they had some degree of glucose intolerance. Moreover, interpretation of the findings of the current study should take into account that the diagnosis of GDM in our cohort was based on a 2 hour rather than 3 hour glucose challenge test and that two different protocols for the diagnosis of GDM were used during the study period; still it should be noted that these changes equally affected twin and singleton pregnancies.
Another limitation is the potential for selection bias, given the fact that about 50% of the initial population was excluded because of missing data on prepregnancy BMI or race. To address this issue, we compared the characteristics of women who were excluded because of missing data with those included in the current study and overall found them to be similar (data not shown).
Conclusion
In contrast to singleton pregnancies, GDM in twins is not associated with hypertensive complications and certain neonatal morbidities, possibly because of the higher baseline risk of prematurity, hypertensive complications, and cesarean delivery in twin pregnancies. Nevertheless, the current study highlights that GDM is associated with accelerated fetal growth and certain adverse maternal and neonatal outcomes also in twin pregnancies. ajog.org
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Further studies are needed to determine whether GDM and the associated accelerated fetal growth of twin fetuses has long-term implications for the infant similar to those reported in singleton pregnancies. Until then, we believe that clinicians should view GDM in twin pregnancies to be as a pathological condition that requires monitoring and treatment similar to the practice in singleton pregnancies. n Original Research OBSTETRICS ajog.org
